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INTRODUCTION 


The greater portion of the earth's surface that is used by man 
is covered by soil which is in a partially saturated state (a three- 
phase system consisting of soil srains, water and air). ‘To the soils 
engineer this means that design should be previcatea upon a theory 
taking into account the various parameters that affect the shear 
strength and volumetric stability of this type soil mass. To the 
agronomist this means that the study of plant life shoula consider 
the changes in availability of water to the plant from this soil. | 
It has been determined that all of these parameters are a function of 
what is called pore water pressure in the soil mass. As will be 
discussed later in the paper, this pore water pressure is negative 
(tensile) in magnitude, and in active clay soils, it tends to 
increase its shear strength and volumetric stability while it 
adversely affects the ability of a plant to withdraw tne soil 
moisture necessary for life. 

Unfortunately, however, there is no satisfactory method now 
available that permits "in situ" measurenent of the negative pore 
water pressures. As a result, the engineer ana agronomist are 
limited in obtaining a complete uncerstanding of this phenomenon; 
hence, no satisfactory principles have been evolved to establish 
useable criteria in this field. Botn are basically dependent on 
empirical methods that have “proved right" over a period of years of 
trial and error. 

One of the basic problems in measurement of these pore pressures 
is that they are negative and involve water. Since water cavitates at 
a theoretical lower pressure limit of -14.7psi, accurate measurement 
is no longer possible without elaborate equipment and precise controls. 
This mandates a laboratory environment. 

There are many chemical compounds that have an affinity for water 
and also swell upon adsorbing the water. By finding a c..emical 
compound with suitable characteristics and enclosing it suitably, 


the total negative water pressure (capillary, osmotic, induced dipole, 





van der-Waals, etc) can be converted into a positive pressure and 
the measurement problem no longer exists. 

It is the purpose of this paper to establish a testing method to 
examine some chemical compounds that have an affinity for water with 
the hope that the information gained will lead otners to devise an 
easy and reliable method for measuring tne "in situ" pore water 
pressures found in partially saturated soils by the use of tne 


principle of pressure conversion, 





BACKGROUND 


PHYSICS OF A PARTIALLY SATURATED COHSSIVis SOIL MASS 


The total pressure acting in a soil mass is made up of several 
contributing factors, all of w.ich are measured by the proposed method 
of pressure conversion. This total pressure can be EXpressed 12a terms 
of the free energy of the soil water rclative to free pure water, and 
1s usually expressed as an equivalent potential or suction. This total 
suction is that suction in pure water tat will cause the saze free 
energy reauction at the sane temperature, ana may be considered to be 
dependent on two things: 


a Matrix or soil water suction. The negative gage pressure 


i 
relative to the external gas pressure on the soil water to which a 
solution identical in composivion with the soil water must be subjected 
an order to be in equilibrium through a porous permeaole wall Wath the 
Soil water. 

b. Osmotic suction. The negative gage pressure to wnicn a 
pool of pure water must be suojectea in order to be in equilioriun 
vhrougn a sewi-permeable membrane (oermeable to water molecules only) 
with a pool containing a solution iaentical in composition witn the 
Soil water. 

In actualit;, there are gravitational and external gas vressure 
yotentials that are also a part of this total suction, but tney nay 
usually be neglected. 

Now, let us consiaer the factor of capillary pressure in the soil 
water total suction. Consider a mass of soil that is totally saturated, 
i1-@., all the voids in the mass are filléd with Water, Figure JI, 

These voids are interconnected in such a manner that tney may be 
considered to be a series of capillary tubes extending from one ena 

of the soil mass to the other. Tnese tubes may also be consicered to 
be of a relatively constant diameter, though tnis is hardly the case 
in actual soils. Now as tne mass is subjectea to drying, tne faniliar 
water-air meniscii form in the capillary tubes. As crying continues, 


the radii of these meniscii decrease, Figure 2. The Surface tension 
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of the water in these capillaries and the air-water interaction 
combine to induce a state of tension in the water. ‘This Lensioneor 
capillary pressure is defined by the equation 


Uc = -2 Ts(Cos x) 
ie 


Is = surface tension of water (constant as far as the linits 
of engineering practice is concerned) 

o = contact angle between water and the capillary tube 
(normally considered to be zero because the Capi lias 
water is in contact with tne adsorbed water on the 
soil grains) 

[™ = mean of the two principle racii of meniscus 


It can be seen that es the soil drie the capillery pressure 


Ss 
becomes increasingly larger in magnitude. 
There is a second interaction tat contributes to the soil water 
suction of this soil system. Low ana Deming in 1953 presentec three 
mechanisms that tend to produce tensile stress in tne free soil water: 

a. the tendency to reduce the difference in the cation 
concentration in the ceveloped couole layers around the soil particles 
(osmotic pressure); 

b. the attraction of permenent ana induced ai 0) Comma. 
water molecules towards tne soil surface, causeu by tne existence of 
the negative electric field in the proximity of the soil particle. 

c. van der-Waals attraction (dispersion effect) between 
soil and water molecules. 

In the past these three forces have been considered to ove so small in 
comparison with the capillary pressure that they have bcen neslectocue 
Let us look at the case of the induced dipoles of water in light 
of the results of sone recent research. Consiaer an active clay such 
as sodium-ion montmorillonite. The water in such a soil exists in two 
pnases, free water filling the pore spaces and adsorbec water attached 
mo the negatively cn: rged clay particle. Tne dipoles of waversariace 


themselves to tne particle creating an adsorbed water surface. Some 


feel that this adsorbea water film becomes water in a crystalline 





On 


state. The resultant film of water creates what is commonly knowm as 
a plastic clay. At the liquid limit of such a clay, it has expanded 
as much as possible, and, at tne shrinkage limit, the clay is at its 
most conpact state. As the clay moisture content cecreases from the 
iiquid limit, the free water is driven off anc some of the outer layer 
of the adsorbed water is also lost. In this vrocess tne caoillar, 
pressure in the free water ana tne negative cona arount tae particle 
increase. The sodiun-ion montmorillonite is consicacereé to be very 
sensitive volumetrically over the ran;‘e of moisture contents between 
the liquid limit and plastic limit. If one is to say that tne only 
pipnificant factor in volumetricest10t ltt let; enol liarig. 
then any material with tne sane particie size as sodium-ion 
Montmorillonite will exhibit the sare volumetric sensitivity and 
plasticity. Research conductec at Texas A&li University by Burk in 
1964 usec a rock flour whose varticle size wes the same as teat of 
sodium-ion montmorillonite. The rock flour showea neitaer plasticity 
or any significant volujetric sensitivity. This tends to indicate 
that the negative pressure existiny in a given active elay will 
become more and more dependent on tne adsoroe water or inauced 


dipole effect as dessication continues. 


PRINCIPLs OF EREsCTiVes SPRsSS 


The principle of effective stress in saturatea soils (a two-phase 
system of soil grains and water comporising the total volume of a given 
soil sample) as proposed by Terzagni in 1923 has proved to be an 
effective and reliable tool in predicting the engineering benavior of 
this type soil. Terzaghi snowed by experiment that 

a's o& -Uw 
o’ = effective stress (by definition, the stress controlling 
changes in volume or strength of a soil) 
Oo = total applied stress acting in @ Biven direction av any 
point in the soil 


Uw = water pressure present in the soil 





il 


and Clvve— Ug + Ue 


Ug 


pressure in te air 
Uc = equivalent suction? 

This general equation is probably not strict Wexac cen re 

probably far more complicatea. In the case of saturated soil, however, 
it has »>roved to be an excellent approximation wnich is nigniy accurate 


) : : : Oo 
as far as the soil engineer is concerned. 


In 1955, Bishop, et al, presented a tentative expression for an 


effective stress orinciplie for partially saturated soils. The 
expression is 
O'= w- U, + A(U,-Up) 
go’ = same tecm used in ferzagni*s equation 
Q = sane term used in Terzazni's equation 
U; = the pressure in the gas ana vapor in the soil 


U2 = water pressure present in the soil 
X = variable (equal to 1 for saturated soils and zero 
for completely dry soiis) 

In 1960, Bishop ciscussed some of the liwsaitetions of the value x 2 
He stated that intermeaiate values of ‘\ aepend primarily on the 
degree of saturation S, but tney sre aiso prob«bly influenced by 
factors such as soil structure, tne cycle of wetting ana drying or 
the cnange of stress level, etc., leading to a particular value of 5S. 
He proposed a graghical variation as snown in Figure 3! 


1 





: ero 100 
FIGURE 3 





Studies made by Gulhati and Coliman (1962) of Massachusetts 
Institute of Technology indicate that Bishop's proposed equation is 
inadequate since they found values for K » aS used in Bishop's 
equation, to be both greater than one anda less than zero. These 
gentlemen recommend the use of a similar equation based on their 
observations: 


ee ple (wt 24)(Ug -Uyy? 


‘ . 


GO = effective stress 
O06 = total applica stress 
Ug = pore air pressure 


Uw = pore water pressure 
Ow = area of water per unit areca (ratio of wet area to 


the total area of the wavy plane) 


dt = equivalent area ratio defined by tne equation 
a, = wee 
A(Ug-Uw) 
Fy = toree due ae Sursace tension at the air-water interface 
A = area of wavy plane 


As can easily be seen, tnis equation is tné same as tnat proposed 
by Bishop with the exception that X has been recefined, 

Altnough there is some disagreeient on the exact equation to be 
used in predicting the snear strenstn of a soil mass, it is agreed by 
all that the negative pore water pressure is a major factor in 
cetermining the strengtn of a soil mass 

If a soil is comoressed ana arainage of tne pore water is ‘ 
permitted, the volume change may be consicerea to ove a function of: 

a. compression of any gas present; 
bs ‘deformatiouse, “uae col cxeleton, 
Lamb (1958) showed that a soil skeleton will deform because of 
a. particle diminution; 
bh. particle deformation; 
c. cnange in size of the particle micelle; 
d. particle rearrangement. 


Generally, only particle rearrangement is consicered to be the reason 





for any measurable deformation. t¥ It 18 essentially a function of 


the shearing resistance of a soil mass; tne closer tne packing, the 
more the strength. In the case of active clays, particle diminution 
is a major eres 

Agronomists are interested in tne negative pore vressure 
because of its serious effect cn tue ability of 4 plant) to Wage 


necessary moisture from tae soil. As the nugative vore pressure 


bh 


increases, the plant root systom finas it more cilricult to pulse 
the water from tne soil. When the nressure reaches tac Vici som 
=200 to -250psi or a pF of approximately 4.1 to 4.3, the roo system 


of most agricultural plents carnot overcome tne pressure Causa ous 


plant to wilt ana ‘Me 


METHODS OF MSASUREGGNT OF NwGATIVE PORW WATIER PRESSUR2 


The soil physicist has workea on .acthoas to tell tne agronomisi 
when the negative pore water pressure becomes critical so that 
irrigation can be accomplisne. economically. siost of tae methods 
exolained below are a result of researcn in connection witn tae 
oroblem of the agronomist. Some o# tnese metnoas can be used by the 
engineer wnen he neecs pore water oressure information. 

As previously mentionec, there is a theoretical lower limit of 
-14.70si, beyond wnich water will cavitate and make measurenent of 
pore water pressure very cifticult. Some methocs in use take 
advantage of the fact tnat when two or more subst:nces are in 
eouilibrium with ench other, the specific free energies of all the 
phases are alike. The equipment merely has to measure the free 
energy of the immediately adjacent vapor in equilibrium witn the 
soil mass and the total negative pore pressure is easily calculated 
from tnis known ene Tt might be noted that all causes of negative 
pore water pressure will be consicered wnen tnis method is usec. 

The total negative pore water pressure has becn simplified to 


some extent by the use of the term pF. Tnis term is cefined as 





pee ea ay 
h= negative pore watér pvessure exoressed in terms of the 


height of a column of water measure. in centimeters. 


TABLAS ee 
DSi 
0.142 1.42 14.2 142. 1420. 14200 142,000 1420000 
1 2 S 4 . 5 6 7 & 


Figure 4 shows the relationship of oF to rélative humidit,. The 


1) 


limits of the oresent aevices ere ziven in Table 2 below, 
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MeTHOD _ RANGs OF SUCTION 
Tensiometer O20 46545 
Direct Suction 0.0 “tome ne 
buction Plate Qe Otero 
Centrifuge DO marca! eas 
Vacuum Dessicator preted ome eye 
Pressure Memorane On0 te s6- 2 
Psychroneter 2, xO 5.) 
Gypsum Block Ze uO wee 
Freezing Point Depression 55 0 tO 


Tensiometer: The tensiometer, Fisure 5, consists of a vorous block 
initially filled with waver and surrounded by the soil sample. The 
block is connected to a mercury manometer by a water colum. The 

soil water hes a lower free energy tnan the water in the porous block 
causing water to flow from tne block tw the soil until equilibrium 

is reached. The eouilibrium voint is reaa on the mercury manometer 

and the moisture content of tne soil is determined. By using a 

series of different initial moisture contents for e given soil, a 

soil free energy (suction) versus initial moisture content relationship 


: Ree Saas meet a a 
may be oot.ined. This method 1s linitec because of the possibility o: 
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FIGURE 4 
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FIGURE 6 
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cavitation occuring in the wawer Rolin 


Direct Suction: The direct suction devicc, Figure 6, determines tre 
soil suction of a soil sample duriny drying, the reverse of tnc 
tensiometer method. A known suction pressure is applied to a small 
soil samole until equilibrium is ootaineu. The moisture content is 
when cetermined and by a serics of Gil mt 1niti.l stetion Sressurs 
applications, a suction versus. moisture contcut relationship jaw ce 


af 


determined for the given soil.” 


puction Plate: Tne suction blateM@ethod, Ficize 7) 16 9siniler tone 


as 





direct suction methoa witn the exception that the soil sample is 
Supported on & porous disk ant wae suction pressure is applied nydro- 
Staticaliy. The porous aisk oas an air entry vuiue vreater taan 

14. /psi. (air Must be ate Nisner présstre themelAay so. crore ws 


will pass tnrougn the disk). The suction in tne sis 
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2 
Controlled and the moisture content of tne soil samale is a 
aiter equilibrium is reacned. Again, a suction versus moisture 
content relationship may be ceterminec. This process is aooglicable 
mo both the wetving and urying cycle of soil) moisuure, 


} 


Centrifuge: The centrifuze method, Pigure 8, depenas on the application 
Of a hich gravitational ficid to a soil samo.e resting on a4 porous 
Blocx. As the sample is centrifug@d;, tne water leaves’ tie so ance. 
serensterred to the constant water level beneath tne porous block. 
Tae constant water level is maintsined by a hole in the side of the 
eentrifusce bottle. The suction obtained is a squmere root Tuncricm or 
tne speed of rotation of tne centrifuge, therefore, ver: hign speeds 
are required to obtain suction pressures in excess of pF 4. 5. The 
moisture content of the ssmole is determinca and a moiswure content 

¢ 
versus soil suction relationship is EP ocr ate 
Vacuum dessicator: The vacuum dessicator technique, Figure 9, is a 
metrou where the soil moisture goes invo equilibrium with its 
surrounGings. A suitable dessicant, usually H5SO4, , with a know 
specific gravity is present. The specific gravity of tac Ha5Q, will 


> 


change as it goes into equilibrium witn tne air and “soil-abovcg 
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dine wer “specific wrayity some HS, 25 ae@termined art@r equilibrium 
has been reached and threteieaoero se tables, the suction of tne 
soil sample is obteined. Extremely precise teaperature and jeupbes wR eaabyr 
controls are necessary in order to maxe tne informetion obtained of 


eny value at aes 


Pressure membranes The@ pressure weiorane aetaoc, Pipurc 10, is an 
extension of the suction plate metroa anc ver®iis the observer to 
obtain greater ecuilibrium suction pressures. A ce:iulose membrane 
ls sancdwiczead oetween the soil sanple and @ porous block Zilled with 
Water at atnosoneric tefpcrature. Tae air pressure acove tne sample 
is varied by moving the piston anc tuis applied air pressure is equal 
tO tne soil suction in tne sample wnen drainage is complete. This 


Jan 


metnoc, using more soodhisticated eruisment nas reacned a pF of 


5 ee 


aDOUs 


Psycnrometer: The psychromever methoc, Figure 11, is a relatively 


new method in the field of pore pressure measurenent. Its principle 


(2 


eoends on successfully measuring tne relative humicity of tne air 
thet has come to equilibrium .ith tne soil sample. The rclative 
Pumiaity 1S a Tunction Of SOll MOlSe.re Suctiiog ace 10% 30a ‘ 
Tne acevice is calibrated in such & manner that the electrical output 
©. the thermistors 1%. caual to soil skctiong Ine Cevice io Gui 
sensitive to temperature variations. For example, tne wet bulb 
depression of air at 25°C anda 99% relative numidity is only 0.15°C. 


This limitation prevents general fiela usage of tnis device. 


Gyosum dlock: The gypsum block method, Figure 12, is basicall 
system of two electrodes embedded in a porous element whose water 
content is determined by the pore size distribution of tne element. 
Tae resistance of the block varies inversely to tne soil suction. 
™re block is placed in the soil and a current is passed throug: 1. 
The electrical output is calibrated to read pF. Some of tne problems 
involved in tnis methoe are that each block must be separately 
calibrated, the «:7psum tends to deteriorate witn time, ana tne 


calibration is sharply affected by soil salinity ana temperature, 
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Another method usea to devermi*ie soil suction is to freeze tne 
soil sample. The variation in [races ime Ubaoer.ture LTrom that of the 
freezing temperature of free water is @ “uncvion of the Suction 

Sure, An equation irs oecn developca to permit vhe ueternination 
of p¥ cirectly by observimg the depression of tie freezing 00s me be 
or = 4,1 + log (t) 
This method is somewn.v restrictec though because of tne smell 
variations in temserature deoression anc veceuse the test tends to 
cause the suction to rise to the nigiest value compatible with the 
BxIStinge Moisture content. <4 


There are many other mctnods, but mosv are variations of those 


LLIVesDrescure. -Litubergss 





af. inity for water. Some 6_ tnese comsouncs also MVE 4 positive 
O 


volumetric clanze upon adsoroing water. If sucn a comp 


ana were to 
be vlacecé next to 2 soil ass, and &@ teans tO prevent tne colipound 
Pro". entering TAe so wore avalleseeG, The co-10eimes Toute ce7c mee 
swell, giving the obsorver a2 opporwunity to Seasure @ positive 
pressure. 


444 we 


A logical wethoc to separate tre soil anc tae cnehical compound 


a 


is tne use of a semi-nerneaole memorzene or tne use of osmotic 
pressure. If the molecular size of the col.pounc is know, one muse 
simovly choose a membrane with pores just small mough tnat it wiil 
reein the compound but readily pass water. There arc owner factors 


that enter into croosing the best a rane jossiule- 


a, it should be insoluble to the cnenicals with which it 


will be in contact; 
b. it should be inert to biological growth; 
ce. it shoulda be economical ana reaaily available. 
In selecting the chesical compouna, tne rollowing shoule oe considerecs: 
a. it should have large molecular 5126; 





iy 


o it shoult be inert W wiologicwl frowth; 

Cc. Water adsorption snoulu be rapiu and equilisrium snould 
en e2e)eG Teudick Lys 

G- it snould exnibit the IS8ss soseibic interzal strain 
que to variation in ao.lied stress luvéis; 

Qe. it shouic ropeily giv@ up Paver Gircucy saccr 7. eee 
the soil mass Dwcotfes Wore ary, ther@e;, Gasc ings tae Foo eiers 
Bevel of tie sor gess, 

OS!OziC “RassuRE~? 
Osmotic vressure is @ bnenomenon tayvy aapencs on Tae existence es 


srmeable menormes cruracterizea by the fact that they allow one 


W 
40) 
t3 
F . 
Gs 
( 
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b. the chemical comconent aissolving into the membrane; 

Ge. Gistillation o¢curin=e acrece 1.6 merctrante: 

Another problem relatea to osmotic pressure is tiav of tae time 
takes to react equilibritm by Giaifusion of tie Weavers) 

chemical. If oné were to use a pure cnemical solution wi 
dilution, the tine recuire. for equilibrs tion would be 4 
more water ocr unit volume would h ve 10 be tuxen Into tLe syoven. 
Purtnernzore, by using solutions diluted With water, tae volune Cleree 


ill be snaller enc the sxectrum of positive pressures re: uired to 


cover tie range of p’? founa in soils will be saaller. Tusis will cause 
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HISeBRAMS HOLDSAR 


The membrane holder shomm in Figures 14-16 was designed 


expressly for tnis research effort. It is nace of a sv vainless steel 
alloy and was milled by the Texus A&li University sngineering Sxperimen 


Station. The sta‘nless steel alloy was chosen because of 1%S Aigh 


resistance to corrosive action by chemicals, tnereby permitting its 


use with a wide assortzent of cnemical compouncs without fear or 


On semi 2t1on oF Tie Syera 


It is extreisely important to insure that tne memorane holcer anc 


bers are saturated With their fluics. A Site re ae 
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bubble would cause a raaical variation in the fluia heignt in the 
attached chemical chamber (see discussion of chemical chaaver, 
following). It is also important that saturation be obtained in 
order to eliminate problems of reproducibility of results. 

The membrane holder was designec to permit positive assurance of 
saturation. The bleed stoyg-cock is placed at tic top of tne device 
while the feed is placed at the bottom to provide for efficient air 
removal. Each stop-cock and the stainless steel tubing have been 
especially fitted into the: holder so that there are no places {o00... 
entrapment. The bleed-stop-cockxs are "Circle Seal", no volume change 
valves. In order to impart rigidity to tne membrane used in the 
System, space is provided for two highly porous ceramic disks, one on 
either side of the membrane. Tne system is isolated from the 
atmosphere by an O-ring on either side of membrane porous disk 


sandwich. A more detailed discussion of the porous disks follows. 


POROUS DISKS 


"ith the design of the membrane noldaer came the problem of 
providing for a rigid platform on Wich tae membr me cola eae. 
Machining in such a platform would have maae fabrication extremely 
difficult. By the use of highly porous ceramic disks, as the rigid 
olatform, tne machining problem was eliminated. A sealing problem 
arose to take its place. This problem is taken care of by sealing tne 
membrane between the porous disks with an epoxy resin adhesive. The 
circumference and a portion of the exposed face of each disk is also 
coated with the same epoxy resin adhesive. This requires the 
migration of water to occur only across the semi-permeable membrane. 
A procedural method discussed in the PROCEDURS of tnis paper insures 


saturation of the disks. 
CHEMICAL COMPOUND AND WAT’R C iAuiBaRs 
In order to observe the volume changes of tne chemical compound 


and water, heavy duty capillary glass tubing with an ID of 0.75 - 1.25mm 


and an OD of 6-7mm was chosen. The use of this type chamber develops 





ai 


a magnification factor since the membrane holaer and connections to 
the chambers constitutes the major volume of the system. <A small 
capillary column not only holds a very small amount of tne chemical 

or water, thereby permitting maximum diffusion mixing in the shortest 
time, but it also visibly magnifies tne volume chinge by cOntimiae ay 
within a very small volume of significant height. Attempts to develop 
a leakproof system with stainless steel connections between the 
membrane holder and the glass chambers almost invariably resulted in 
shattered chambers. This problem was alleviated by the use of a nylon 
connector between the stainle:s steel membrane holder and the chambers. 
The connectors used are Swagelok "Zytel" elbows which not only yield 
a leakproof system, but are also highly resistant to corrosive 


enenicals. 


PRESSURi SYSTEM 


In order to create a variable pF on the system, which inaicates 
whetier or not internal strain is of sig.ificance, and wnica permits 
determining the pF range of the chemical compound being tested, a 
pressurizing system is necessary. The norm:.l laboratory. air system 
is contaminated with water, oil, and possibly other foreign matter. 
Bottled nitrogen gas was tierefore cnosen as the pressurizing medium, 
Tne gas deliverec to trie system is doubly regulated as it passes 
from the gas bottle, through the Seran 1/4-inch OD tubing into the 
chambers. A standard NCG style 6501, oxygen regulator is usea as 
the primary regulator releasing the gas under a pressure of 

2; 1500psi from the bottle.. Just priom to enteria= Teer aie se. 
it is again regulated by Nullmatic pressure regulators Model 40H100 
or 40-50 which provide a consi:nt pressure, +tO.5psi, to the system. 
Pressure gages are Ashcroft Al.:P 8234 with lpsi subdivisions. A 


schematic layout of the entire system is shown in Figure 17. 
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X7- "Circle Seal Stop-cock" 2 -jater reservoir 
{R) - pressure regulator 4 -liemprane holcer 
G) ~ Pressure gage 4,-Chemical reservoir 
1} - Vacuum pump 5 -Nitrogen supply 


FIGURE 17 
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PROGR 5 


All of the equipment, witn the execotion of Bao porous disks and 
membrane,’ is rinsed in methyl-ethyl ketone ana then washed in a hot 
distilled water-detergent batn. After a final rinse in aistilled 
Water, the pieces were placea in a dessicator to Saale 

The porous disks were flusnec with hot distillea water Prieto 
being sandwiched togetner with the mezbrane. After arying in a 
dessicator, the disks and membrene were sandwiched together using epoxy 
resin adhesive. A 24-hour adnesive curing time was allowed, after 
which the outside adhesive coated edges were snoothed Usi ie Seon, 
cloth. The disks were placed in the chemical solution ana tne bottom 
disx allowed to saturate. When satur:tion was reacnes, the porous 
disks were placed in tne membrane nolder and the system was closeu up. 
In orcer to make tne equilibrium time required a minimum, consistent 
witn measurable volume chanves, the chemical compounca was ailuted 
witn water. Dilution was on a weight basis. 

A vacuum is placed on the chamber through the bleec valves anu 
then the chemical and water feed valves are openec, filling: botn sides 
of tne clamber, (Since tne dis«s are so porous, the water will quickly 
fill the disk anc all air snoula be resovea. Actually, it is not 
Mancatory that the water side be completely deairea since tie mnin 
concern is insuring that the chemical ..ide is deaired.) When each 
side of the chanber is filled, the feed is shut off ana eacn cnamber 
is subjected to a partial vacuum for ten minutes. The bleed valves 
are then closed and the pressurizing #as is appliea. As soon as tne 
pressure is appliea the height of the fluia in each cnamber is noted. 
The pressure on the chanbers can be varied; indeed, by manipulating 
the chemical chamber pressure to maintain the same height of fluid, 
the equilibrium negative pressure is obtained. (It is worthy of note 
that a rise of approximately 27 inches of water in the capillary 


column would be the equivalent of lpsi nead cnange.) 





———— 


Cae 


mSie., « 


we 


- => => 
- ~ = — > J - - 
‘ 7 a 5 ~ » Mae = - i= J = J 2 : ‘) @ -. H i 
7 a “a = = =" a = > ee ad . 7 = = = 
- = - 
‘| [a ‘ ~ - — a -—- = a 
ve “™ : _- : 1! , ' ™ = ll ' at = a 
- a _ = = => = =. _— > — al é - 
- al rr 
= ~~ » = “« ] = 
® ' 0 ' | = * vw a 
— = - 5 
— ar > _ > —— - ~ — 
7 
- 1} 
7 é i 
_ ~ 
= 7 i . ' 
~ i , i 1 _ Tt a 7 
5 a = = ! 
- * - | - = 
j ‘ . in = i « 
> > | — - = ; = 
=" 
* * -- . | 
aa. b = = ae he _— i t i a a 
——_ = = = — weet — - = — —— 
- iT 
- - | " 
iy ‘| Fi a ‘ n 
= —i| = — 
- = - = « = 
— —_ = = - | = - 1 
= ae = = = 
- = 
a = ~ a j 
= = = = = t = — = = al = a 
- - - 
{ 9 :f i = & e)4 — i 
as & P all 2 a = = 
é 
= 7 _ t i “ J "| iyi 
= 
_ - ‘ 
, | f } 
a i ’ * . - i v at 4 — = + = se ~ 
= = = <i 
- : - - 
lg * _ 2 = 
¥ = = - - - = = - 
- = } | ] 
= i] if a \ = . & f i 
‘ ™ = = ill 7 
7 
\ - 
ic . = 7 WwW j 
a f ® pil a — ie i] ' > = ad =a = 
7 2 rt : - . - 
- | = i 7 =_ - L - 
a = = > ‘i a ' - 
ns = = = = —_ 
_ > 
=~ - = - 
a = =. = - j z 
= aa 7 wT + - 
‘ icing 














Chemical A-Membranec A 2 
as 
a 
Mater _—_ 
Pressure a 
B-Membrane A 
= — G i 2 . " ry — 
Chemical pressure required to maintain head 
Equilioration 
Time 


Chemical A-embrane A 


Chemical C-Membrane B 


- =~ =e 
= 





ee 
Chemical BeMembrane A 


———————F SS as ee 





Chemical pressure required to maintain head 


FIGURE 18 





Ze 


PONCLAISTONS 


This writer considers two inter-relatcd problems to be the Keys to 
solving the problem of pressure conversion. The first is Panda eae 
compatible chemical and membrane combination; the second is decreasing 
the equilibration time to a reasonable lovel. Tne device shown in 


Figures 14-16 is consiaerea to be an daeéWetSs tool to solve these 


rom | 


problems provided certain minor moaifications arc mace. 

During the orocess of conaucting tris research, it was learned 
that similar research was being concuctca by A. J. Peck anc 2. MM 
Rabbicge of CSIRO, nese ceed ney usec Carbowax-2O0OC0OhW with a 
dialysis membrane. These gentlemen nave submitted a »srovisional 
mastralian Patent aovlicatvion for 4a workiy Tin-si tu sdcvicce. a 
aporoxizately the sane time, corresdonacrce was received from 
me J. "Millington of tne University o> Ac¢clale@e weir concer aa. 
Yr WOrK ~tOaG hea been cOnacuctcdiey tae Uaiverswe oO. 9 odo a 
Tnese exveriments used "Vis«ing dialysis membrane” anc 
Carbowax-4O000:0. Both of these reports indirectly incicatea a certain 
e1ssatisfaction in the use o: Carbowax anC@ettier"/itsekiae cia! Vor. 
menbrane". Some of the objections to using C: rbowax-dialysis membrane 
combination «re aiscussed beiow. 

Carbowax tends to give a gener. ily erratic pressure versus 
volume change curve, thereforc, it is not a totally rcliable indicator. 
Visking membrane, on the other hana, is slisntly soluble in Water anc, 
over a perioa of timc, it will dissolve. Furtheraore, visking 
membrane has a pore ciameter of apo>roxiuately 0.0048 jz and the water 
flow rate through this menbrane is extremely slow. (In other fields 
of research, where water an visking metbrane are used, equilibration 
time is of tne order of 30 hours.) This time coastant automatically 
built in by the use of visking membrane is hardly acceptable wnen one 
considers tne possible uses of tne proposea system. 

Tne pore size of visking membrane inuicates thnt the Carbowax 
molecule in tne 4000-20000MW has a molecular size not smaller than 


0.0048 ya since the membrane retains these cnemicals. In orcer to 





decrease the time constant, the chemical molecular size will have to 
be greatly increased. Many chenicals have been Ssuzeested as possible 
substitutes for Carbowax, mainly because each of them exhibit the 
hydrophilic tendency desirec. Unfortunately, available information 
indicates that each of them hsve smaller moleculer sizes than the 
Carbowax molecule. They are naentionca here mérely as a sateguard | 
against future resesrea efforts being channetea in tneir direction: 
Mannitol, carboxomethylcellulose, elganates, Calcium erloride and 
gelatin, lithium chloride, magnesium percilorate, polyvinyl alcohols 
anc various eters. 

As a result of this research effort, this writer consicers it 
necessary tor the Chemistry community to feaoricate ea molecule of 
suitable size to meet the requirements of this provosed orocecuure of 
measuring negative pore pressures. It is consiaerec that a water flow 
rate through tne meubrane ana the time reaquirea for equilibravion 
of tne cnemical snould be such thai accurate measurements of tre 
negative pore pressure woula be possiole in less than two hours. In 
some specialized cases of researcn, tue time constant snould be of the 
oraer of minutes, particularly when one is ciscussing the case of 
active clays being cessicatea. 

As far as tne actual cevice for in-situ measurements is concerrec, 
it is this writer's ooinion that tne pressure measuring portion of tne 
device should be a standard pressure transaucer. The membrane chosen 
to retain the chemical should ve protectea from airect contact witn 
tne soil grains that coula cause a rupture of the membrane. The 
sepsration could be witn the use of a porous ceramic block sucn as is 
used in the device to determine tne proper chemical-membrane 
combination. Porous stuinless steel could also be investigated. Not 
only would a vorous barrier prevent damage to the meabrane but it 
would also nelp in alleviating the problem of preventing the transfer 


of salts found in solution in soil water. The volume of the chemical 


chamber should be small yet the surface area large in oraer to permit 
maximum exposure of the chemical to the vapor pressure of Tac soak 


wator, wiereby reducing the time constant for a given chemical anc 


MeEdorane -CcOmMbpim 2t2On. 
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R GCOMMENDATIONS 


The greatest single obstacle to the research conducted by this 
writer was the lack of access to a qualified chemist who could advise 
in the field of Chemistry. Since tue average Civil s#ngineer has a 
linited background in Chemistry, it is recommended that any future 
research effort in this field be conaucted witn a designated chemist 
available for comment and edvice. 

One of the proovlems foumo im the Yew Gevice is ssturationscs smile 
chemical chanber/oorous block. Althougs a vroceaure was developed to 
misoretically alleviate this srovlem, saturgtioa is noe being obtemm cr 
This writer considers tnat tne saturation problem can be solved by: 

G@. poOLlisming the aiterior of tac Giemicul chamber; 

Oo. ciscarding the porous stone anu meabrane sanawicn in 
favor of @ porous stainless steel ana membrane sandwicn; 

G. mouifying the feed/pressurizing system. 

Anotner proolem is the glass portion o- tne chemical cader. 
Tne viscosity of tne Carbowax-20000../, when mixea With water, is very 
mie.) anc. 12. tenes to "stick on the sliss cnesber walls causing 
Pe SCONUINULTLeCS tae tne elegnesl colucns; This oronioi gs vos vine 
Bentro. Of o1e Beige of tie cnemicel column, @ crivveal conca tic. 
This writer recommencs a larger diameter glass chemicai chamber to 
resolve this problem. 

It is possitle that nitrogen gas (pressurizing medium) is going 
into solution with the chemical anc water. This could eifect the 
results of the research and it is recommended thet different 


oressurizing gases be tried to see if there is a variation in results. 
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